2 /g; Barite also decreased by 5cm 2 /g while concrete had its mass attenuated by only 1.3cm 2 /g.
INTRODUCTION
That nuclear radiation can be injurious to man is beyond dispute, but the increasing demand for neutron sources coupled with the growing interest for the use of neutron sources is a cause for concern. It is imperative to absorb the nuclear radiation released in a thick shield around the source for personnel safety, in many cases using ordinary concrete. Moisture retention at high temperatures above 90 o C is a major problem of concrete as a neutron shield. The advantage concrete has as being cheap, easy to cast and having well documented mechanical properties is seen to outweigh the unfortunate loses of its moisture content at high temperature and also the fact that most of its elemental composition becomes activated and long lived. In this view the need to analyze the capabilities of other materials to radiation shielding and yet retain its moisture content at higher temperatures is imperative.
Instrumental Neutron activation analysis technique is a versatile multi-elemental technique employed in the determination of several elements of geological and geochemical interest (Abdul-Majid et al., 1991; Akaho et al., 2001a and 2001b; Jonah et al., 1997) . Samples of different media could be analyzed for major minor and trace elements. The low detection limit of the method is an added advantage for the analysis of elements that occur in traces (Csikai et al., 1999) .
Radioactivity builds up in an element during irradiation with thermal neutrons. This build up follows an exponential curve, depending on the half-life of each isotope. Subsequent decay at the end of irradiation is measured as activity A, (decay per second) (Tominaga et al., 1983) . The activity induced in an isotope at the end of an irradiation is given as:
Where N is the number of atoms; σ is the neutron cross-section; Ф is the neutron flux; t irr is the irradiation time and t 1/2 is the half-life of the product isotope. After irradiation each isotope starts to decay with its own half-life, following the relation
Where A t is the activity at time t and A o is the initial activity (Knoll, 1989 and Wang Ke, 1997) .
The design and construction of the experimental set up requires the knowledge of fast and thermal neutron flux distribution in the samples. Watterson (1993) and others (Megahid, 1981; and De-Soete et al., 1972) studied the effect of sample thickness on the determination of carbon in coal using the 12 C(n, ńγ ) reaction in a transmission geometry.
The study revealed that in order to obtain the best analytical conditions there was the need for selecting the optimum geometrical arrangement. The attenuation characteristics of water, graphite and coal was also investigated using 252 Cf, 239 Pu-Be and 14MeV neutrons (Akaho et al., 1994; Akaho et al., 1993 and Megahid, 1981) . The strong dependence of fast and thermal flux distribution on source-sample configuration and the effect of hydrogen content and composition were demonstrated (Csikai et al 1999) . The determination of hydrogen content of mineral rocks from Nigeria for use as radiation shield by the simultaneous measurement of transmitted fast neutrons and reflected thermal neutrons from a single neutron source was discussed elsewhere [Yousif et al 1995 and Akaho et al 2001b] . It was undertaken with the aim of extending the use of existing equipment originally meant for liquid level measurements with some modification to determine the Nigerian mineral rock that contains relatively higher moisture content than concrete and capable of retaining its moisture content at higher temperatures above 90 o C.(American society for testing materials, 1987) The essential shielding problem is the attenuation of the penetrative fast neutrons and high gamma rays that are released.
WINXCOM is software based on DOS program and named Xcom as described in the National Bureau of Standards report (Berger et al., 1987) . WINXCOM calculates tables of cross-section for the interactions of photons with any element, compound or mixture for photons with energies between 1 keV and 100 GeV. Interaction coefficients and total attenuation coefficients for compounds and mixtures are obtained as sums of the corresponding quantities for the atomic constituents. The program provides total cross sections and attenuated coefficients as well as partial cross-section for incoherent scattering, coherent scattering, photoelectric absorption and pair production processes. The total mass attenuation coefficients are then tabulated.
MATERIALS AND METHODS
About 100 mg of finely powdered sample was weighed, wrapped and heat sealed in a clean polythene film. Two sets of sample vials were prepared for irradiation. In the first set, individual samples were packed in vials and heat sealed. This set of samples was used for the determination of shortlived elements. In the second set, all the samples were packed as a single plastic vial. The vial is also heat sealed and carefully marked and sent for irradiation and counting.
IRRADIATION AND COUNTING
The prepared samples were irradiated using the Ghana Research Reactor I (GHARR-I) located at Ghana Atomic Energy commission Kwabenya, Accra. The samples were transferred into the irradiation site by means of a pneumatic transfer system at a pressure of 25psi together with an IAEA standard reference material. This is to check for the accuracy of the data produced by the technique (Akaho et al., 2002 and De-Soete, 1972) Samples were irradiated at a flux of 5x10 11 C m -2 s -1
. Depending on the elements of interest, samples for the determination of short lived elements were irradiated for 60 seconds, while those for the determination of long lived elements were irradiated for 6 hours. The measurements of the induced activity in the samples were by the gamma ray spectrometer. The gamma spectral analysis was PC based with an Ntype High purity Germanium (HPGe) detector model GR2518 connected to a high voltage power supply unit model 3105, and a spectrometric amplifier model 2020.
Qualitative and quantitative analysis were by Gamma ray spectrum analysis software SPAN5.0. Three sets of counting were done for samples that were irradiated for 6 hours . First counting of 1 hour was done after 3-days of cooling, second counting of 3 hours each was done after 8 days of cooling while the third and last of 12 hours was done after 18 days of cooling (Erdmann, 1989 and Zakari et al., 2008) . The limitations of the INAA technique (to detection of the elements Hydrogen and Silicon) were supplemented by the neutron reflection and transmission technique (Zakari, 2006 and Jonah et al., 2004) .
When gamma-ray photons strike a detector after passing through a medium, the intensity of the gamma ray is increased or decreased according to the thickness or density of the medium. Gamma rays may reach the detector (shield) directly or after having scattered in the media as secondary photons. This results in an exponential attenuation for the gamma rays as Where I is the intensity of the radiation, I o is the intensity of radiation before attenuation. B(t,E γ ) is the buildup factor, due to buildup of scattered secondary photons, different from absorption of the original gamma rays. This can be reduced by proper collimation of the beam; μ/ρ is the mass attenuation coefficient of the medium, ρ is the density of the medium while ρt is the mass thickness of the absorber. (Sorenson and Phelps, 1987) The mass attenuation coefficient (cm 2 /g) of a compound or mixture of elements is calculated from
Where the factor w i represents the weight fraction of element i in the mixture (Knoll, 1989 and Jonah et al., 2004) .
RESULTS AND DISCUSSION
The multi-element analysis method results in the major and trace elemental composition of the samples in weight ratio as presented in Table 1 . The samples are observed to be similar in elemental composition with ordinary concrete having the major elements as SiO 2 , Fe 2 O 3 , MgO, CaO, Na 2 O, Al 2 O 3 , K 2 O and H 2 O as reported by (Peterson, 1996) . It was also reported that a good gamma shield must have high atomic number, high density and high moisture retention elements or compounds, even at temperatures above 480 o C (a reactor characteristic). To achieve these, complicated and expensive mechanical systems are used to provide for in ordinary concrete shielded reactor. This could be avoided if use is made of any of the geological samples analyzed (Abdul-Majid et al., 1991; Akaho et al., 1994 and 1993) , and thus reduce the design cost of the reactor. The number density values were then calculated from the measured physical density values together with the measured weight ratio for use to calculate the attenuation of the concrete mineral rock samples with gamma photons.
A mixture of each of the elemental composition of the samples in Table 2 was then simulated using WINXCOM for the mass attenuation coefficients of 1-100keV range of gamma photons through each of the samples as depicted in Figure 1 . The figure indicates that the Nigerian mineral rock samples have higher attenuation properties than the ordinary concrete. This could be due to their higher physical density (equations 3 and 4) values when compared with the density of ordinary concrete Table  2 . The composition and concentration of elements in the samples could also have contributed to the observed performance of Nigerian mineral rocks as gamma radiation shields. Table 3 shows the quantitatively measured mass attenuation coefficient values of some selected photon energies for comparism. It is observable that for a photon energy increase of 0.21keV Serpentinite mass attenuated by 2cm 2 /g (53.8% of concrete's mass attenuation), Hematite by 5cm 2 /g, (284.6% of concrete's mass attenuation); Barite by 6cm 2 /g, (361.5% of concrete's mass attenuation); but concrete's mass attenuation coefficient was only 1.3cm 2 /g. A further increase in the photon energy by 15.8keV shows a much further decrease in the attenuation coefficient of concrete (1.76cm 2 /g) than any of the local shield materials.
CONCLUSION
The multi-elemental technique was observed to provide results that were consistent with chemical literature values of such mineral rocks but of different elemental concentrations (Licoln et al, 1981 and Zussman, 1954) . The method is also easier and nondestructive when compared with the chemical analysis technique. The elemental composition of the mineral rocks was excluding carbon observed to be similar, especially in major elements, with the ordinary concrete. The physical density measurement of the mineral rock indicates that they have higher densities than ordinary concrete, (Table 2) which an important parameter for gamma shielding materials. A further study of the gamma photon shielding characteristics of the mineral rocks indicates that Barite apart from being relatively the densest material, is also observed to attenuate the gamma photon better ( by about 360% to 380%) than the well known ordinary concrete. The refractive nature of Hematite, coupled with its density value could be a reason for the observed better shielding of gamma photons than concrete (by about 280% 320%). Finally the moisture retention capability of Serpentinite at temperatures ordinary concrete fails makes it better substitute and better shielding of gamma photons (by about 12.7% to 53.8%). Ordinary concrete was observed to be relatively the least photon attenuating (Fig 1 and Table 3 ). 
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